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BONE CALCIFICATION FACTOR 

This invention relates to a class of nature native 
mammalian proteins which initiates calcification and 
which is named herein as bone calcification factor 
(BCF) • Representative of this class are human and 
5 bovine BCF, for which the full length coding 

sequences are provided herein. The BCF is provided 
by isolation from bone sources and by synthesis using 
recombinant DNA techniques. 

BACKGROUND OF THE INVENTION 

10 It is known that demirieralized bone matrix induces 
new bone formation when implanted in the soft tissue 
by a process generally designated as matrix induced 
bone formation (see Urist, M.R., Science . 893- 
899 (1965)). There have been numerous efforts to 

15 extract and identify the active material (or 

materials) which induces this process, and it has 
been generally referred to in the literature as bone 
morphogenetic protein (s) (BMP) » Xt is uncertain 
whether BMP is a single material or a mixture of 

20 materials, and there does not appear to be agreement 
among the investigators as to which material, if any, 
is the bone morphogenetic protein. 

The therapeutic use of BMP offers considerable 
advantages over use of traditional bone graft 
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materials. While not intended to be limited by any 
theory, one hypothesis assumes that BMP transforms 
tissue cells into osteoblasts (cells that manufacture 
bone). During a process that replicates normal human 
5 fetal development, AMP- induced osteoblasts form 
cartilage which, over a period of several months, 
evolve into solid bone. Thus BMP may be useful for 
replacing bone that has been destroyed by disease or 
accident, for use in treatment of scoliosis victims, 
10 for treatment of mal- or mis-formed bone, for use in 
healing of a fracture, etc. 

It is thus an object of the present invention to 
produce a functional bone calcification factor or a 
component thereof, which is a 22 KD protein 
15 identified by its entire amino acid sequence, which 
initiates calcification. 

It is another object of the present invention to 
produce this biologically active 22 KD protein by 
recombinant DNA technology, 

20 It is yet another object of the present invention to 
construct nucleic acid screening probes for isolation 
of the gene comprising the 22 KD BCF. 

It is yet another object of the present invention to 
provide an amino acid sequence of mature 22 KD BCF 
25 which can be thus prepared by direct biochemical 

synthesis or from constituent amino acids by peptide 
synthesis, for example as by the Merrifield method, 
and particularly by use of automated peptide 
synthesis technology* 

30 These and other objects of the invention will be 
apparent from the following description of the 
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preferred embodiments and from practice of the 
invention. 

SUMMARY QF THE IHVSNTIPN 

The present invention provides a class of mature 
5 native mammalian proteins (the class is termed herein 
as BCF) , represented by native human and bovine BCF 
described herein, which initiate calcification in 
vivo which is important for formation of bone* The 
human and/or bovine BCF can be used to identify and 

10 isolate other mammalian BCF proteins which may or may 
not be homologous (in their nucleotide and amino acid 
sequences) to human or bovine BCF and which exhibit 
the BCF biological activity. It is recognized that 
there may be allelic variations in BCF within a 

15 species, and such allelic variants are also within 
the scope of the class of proteins provided by the 
present invention. 

The present invention further provides polypeptides 
which are analogs of BCF, such as BCF mute ins, fusion 

20 proteins, comprising BCF or BCF domains, and BCF 
fragments. The term fusion protein includes a 
protein comprising a complete BCF sequence or a BCF 
domain, and a heterologous N- or C-terminal sequence 
(such as a signal sequence or sequence which protects 

25 the protein from degradation) . A BCF mutein is a 
protein substantially homologous to a native BCF 
sequence (fi.g., a minimum of about 75%, 85%, 90% or 
95% homologous) wherein at least one amino acid is 
different. A BCF fragment or domain is an amino acid 

30 sequence of sufficient length from a BCF protein such 
that it is identifiable as having been derived from 
such BCF protein. The origin of a particular peptide 
can be determined, for example, by comparing its 
sequence to those in public databases. 
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The present invention further provides a 22 KD bone 
calcification factor having the human and bovine 
amino acid sequences shown in FIG* X. The present 
invention also provides methods of preparing the 22 
5 KD bone calcification factor (BCF) by recombinant DNA 
techniques. 

The present invention provides the DNA sequence 
encoding BCF, which may be used to construct vectors 
for expression in host systems by recombinant DNA 
10 techniques. 

The present invention also provides therapeutic 
compositions comprising BCF and matrix Gla protein 
(MGP) for initiating calcification and methods for 
inducing calcification in vertebrates by introducing 
15 An vivo at the desired site an effective 

calcification initiating amount of BCF and MGP. The 
identity of MGP was first reported by Price, Urist 
and Otawara in Biochem. Biophvs. Res. Comm . 117:765- 
771 (1983). 

20 PRISF DESCRIPTION 9F THE PMWIPCS 

FIG. 1 depicts the DNA sequences and encoded amino 
acid sequences of human and bovine BCF including 
their signal sequences; 

FIG. 1A depicts the amino acid sequence of human BCF 
25 (hBCF) without its signal peptide; 

FIG. IB depicts the amino acid sequence of bovine 
BCF (bBCF) without its signal peptide; 

FIG. 1C depicts the DNA sequence encoding hBCF 
without its signal sequence; 
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FIG. ID depicts the DNA sequence encoding bBCF 
without its signal sequence; 

FIG* 2 illustrates the sequence of human BCF tryptic 
fragment no. 41, a two- fold degenerate 45-mer 
oligonucleotide probe (probe A) , and a second probe 
B, designed therefrom, consisting of 64 18-mers which 
are complementary to all possible codons shown. 

FIG. 3 illustrates probe C (derived from clone Ost 3- 
7) and four BCF cDNA clones isolated from a bovine 
cDNA library (bbl.1-7) and two human osteosarcoma 
cDNA libraries (Ost 1-7, Ost 3-7 and Ost 3*17). The 
length, coding region (boxed) and partial restriction 
map of the clones is included* The Kcol and Spel 
sites (+} are only present in the human BCF 
sequences. 

FIG. 4 illustrates oligonucleotide adapters (boxed) 
used to prepare BCF expression vectors which are 
secreted from yeast using the alpha-factor signal 
peptide. 

FIG. 4 A illustrates the junction between the BCF- 
encoding DNA and promoter in an expression vector 
used to express unsecreted BCF in yeast* 

FIGS* 5, 6 and 7 are photomicrographs of the 
quadriceps pouches of mice 21 days after implantation 
of a composite of recombinant hBCF and NGP, showing 
initiation of calcification. 

DETAILED D ESCRIPTION OF THE INVENTION 

The BCF according to the present invention may be 
obtained, free of other osteoinductive associated 
factors, directly from bone sources, by preparative 



2017466 

-6- 

peptide synthesis using chemical methods (such as the 
Merrifield synthesis method) or by recombinant DHA 
technology. 

As more particularly described in Example 1, BCF may 
5 be obtained by purification from human, bovine, or 
other vertebrate bone from partially purified 
extracts (£«s«, U.S. Patent 4,795,804 and references 
cited therein) by preparative gel electrophoresis and 
electroelution of the 22 K protein. 

10 BCF may also be obtained by recombinant DNA methods, 
such as by screening reverse transcripts of mRNA, or 
by screening genomic libraries from any cell. The 
DNA may also be obtained by simply synthesizing the 
DNA using commonly available techniques and DNA 

15 synthesizing apparatus. Synthesis may be 

advantageous because unique restriction sites may be 
introduced at the time of preparing the DNA, thereby 
facilitating the use of the gene in vectors 
containing restriction sites not otherwise present in 

20 the native source. Furthermore, any desired site 
modification in the DNA may be introduced by 
synthesis, without the need to further modify the DNA 
by mutagenesis. 

In general, DNA encoding BCF may be obtained from 
25 human, bovine or other sources by constructing a cDNA 
library from mRNA Isolated from bones of the 
vertebrate; and screening with labeled DNA probes 
encoding portions of the human or chains in order to 
detect clones in the cDKA library that contain 
30 homologous sequences; or by polymerase chain reaction 
(PCR) amplification of the cDNA (from mRNA) and 
subcloning and screening with labeled DNA probes; and 
then analyzing the clones by restriction enzyme 
analysis and nucleic acid sequencing so as to 
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identify full-length clones and, if full-length 
clones are not present in the library, recovering 
appropriate fragments from the various clones and 
ligating them at restriction sites common to the 
clones to assemble a clone encoding a full-length 
molecule. Particularly preferred DNA probes are set 
forth in the accompanying examples. Any sequences 
missing from the library may be obtained by the 3' 
extension on the complementary mRNA of synthetic 
oligodeoxynucleotides identified by screening cDNA in 
the library (so-called primer extension) , or 
homologous sequences may be supplied from known cDNAs 
derived from human or bovine sequences as shown in 
FIG. 1. 

The practice of the present invention will employ, 
unless otherwise indicated, conventional molecular 
biology, microbiology, and recombinant DNA techniques 
within the skill of the art. Such techniques are 
explained fully in the literature. £££ £.fl., 
Maniatis, Fritsch 6 Sambrook, "Molecular Cloning: A 
Laboratory Manual" (1982) ; "DNA Cloning: A Practical 
Approach," Volumes I and II (D.N. Glover ed. 1985); 
"Oligonucleotide Synthesis" (M.J* Gait ed. 1984); 
"Nucleic Acid Hybridization" (B.D. Haines 6 
S.J. Higgins eds. 1985); "Transcription And 
Translation" (B.D. Hames & S.J. Higgins eds. 1984); 
"Animal Cell Culture" (R.I. Freshney ed. 1986); 
"Immobilized Cells And Enzymes" (IRL Press, 1986); 
B. Perbal, "A Practical Guide To Molecular Cloning" 
(1984), 

In describing the present invention, the following 
terminology will be used in accordance with the 
definitions set out below. 
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The term "osteoinductive associated factors" 
includes factors known In the art which are present 
in mammalian bone or other mammalian tissue and tend 
to co-purify with BMP or BMP activity. Such factors 
5 include proteins which have been isolated from bone 
having reported molecular weights of 34 KD, 24 KD, 
18.5 KD, 17.5 KD, 17 KD, 16.5 KD, 14 KD (as cited in 
U.S. Patent Ho. 4,761,471), and 6 KD (reported by 
Price, P.A., fit filw fromEHifir 22, PP- 1447-1451, 
10 1976) . 

A "replicon" is any genetic element (£*g», plasmid, 
chromosome, virus) that functions as an autonomous 
unit of DNA replication in vivo : i.fi. , capable of 
replication under its own control. 

15 A "vector" is a replicon, such as plasmid, phage of 
cosmid, to which another DNA segment may be attached 
so as to bring about the replication of the attached 
segment. 

A "double-stranded DNA molecule" refers to the 
20 polymeric form of deoxyribonucleotides (adenine, 

guanine, thymine, or cytosine) in its normal, double- 
stranded helix. This term refers only to the primary 
and secondary structure of the molecule, and does not 
limit it to any particular tertiary forms. Thus, 
25 this term includes double-stranded DNA found, inifiE 
in linear DNA molecules (fi.fl., restriction 
fragments), viruses, plasmids, and chromosomes. In 
discussing the structure of particular double- 
stranded DNA molecules, sequences may be described 
30 herein according to the normal convention of giving 
only the sequence in the 5' to 3' direction along the 
nontranscribed strand of DNA Ci.fi. , the strand having 
a sequence homologous to the mRNA) • 
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A DNA "coding sequence" is that portion of a DNA 
sequence, the transcript of which is translated into 
a polypeptide in vivo when placed under the control 
of appropriate regulatory sequences . The 
5 complementary DNA strand will be understood to be 
that strand which is transcribed. The boundaries of 
the coding sequence are determined by a start codon 
at the 5' (amino) terminus and a translation stop 
codon at the 3' (carboxy) terminus. A coding 

10 sequence can include, but is not limited to, 

procaryotic sequences, cDNA from eucaryotic mJRKA, 
genomic DNA sequences from eucaryotic (e.g., 
mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination 

15 sequence will usually be located 3' to the coding 
sequence* 

A "promoter sequence" is a DNA regulatory region 
capable of binding RNA polymerase in a cell and 
initiating transcription of a downstream (3' 

20 direction) coding sequence. For purposes of defining 
the present invention, the promoter sequence is 
bounded at its 3' terminus by the translation start 
codon of a coding sequence and extends upstream (5' 
direction) to include the minimum number of bases or 

25 elements necessary to initiate transcription at 
levels detectable above background. Within the 
promoter sequence will be found a transcription 
initiation site (conveniently defined by mapping with 
nuclease SI) , as well as protein binding domains 

30 (consensus sequences) responsible for the binding of 
RNA polymerase. Eucaryotic promoters will often, but 
not always, contain "TATA" boxes and "CAT" boxes. 
Procaryotic promoters contain Shine-Dai gamo 
sequences in addition to the -10 and -35 consensus 

35 sequences. 
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A coding sequence is "under the control" of the 
promoter sequence in a cell when RNA polymerase which 
binds the promoter sequence transcribes the coding 
sequence into mRNA which is then in turn translated 
5 into the protein encoded by the coding sequence. 

A cell has been "transformed" by exogenous DNA when 
such exogenous DNA has been introduced into the cell 
membrane. Exogenous DNA may or may not be integrated 
(covalently linked) to chromosomal DNA making up the 

10 genome of the cell. In procaryotes and yeast , for 
example, the exogenous DNA may be maintained on an 
episomal element such as a plasmid. T9ith respect to 
eucaryotic cells, a stably transformed cell is one in 
which the exogenous DNA has become integrated into a 

15 chromosome so that it is inherited by daughter cells 
through chromosome replication. This stability is 
demonstrated by the ability of the eucaryotic cell to 
establish cell lines or clones comprised of a 
population of daughter cells containing the exogenous 

20 DNA. A "clone" is a population of cells derived from 
a single cell or common ancestor by mitosis. A "cell 
line" is a clone of a primary cell that is capable of 
stable growth In vitro for many generations. 

Two DNA sequences are "substantially homologous" when 
25 at least about 85% (preferably at least about 90%, 
and most preferably at least about 95%) of the 
nucleotides match over the defined length of the DNA 
sequences. Sequences that are substantially 
homologous can be identified in a Southern 
30 hybridization experiment under, for example, 

stringent conditions as defined for that particular 
system. Defining appropriate hybridization 
conditions is within the skill of the art. See, 
fi.g., Maniatis fit £U£ca; DNA Cloning, Vols. I & 

35 II, supra : Nucleic Acid Hybridization, fi^BTa* 
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A "heterologous" region of the DNA construct is an 
identifiable segment of DNA within a larger DNA 
molecule that is not found in association with the 
larger molecule in nature. Thus f when the 
5 heterologous region encodes a mammalian gene, the 
gene will usually be flanked by DNA that does not 
flank the mammalian genomic DNA in the genome of the 
source organism. Another example of a heterologous 
coding sequence is a construct where the coding 

10 sequence itself is not found in nature (fi.fl., a cDNA 
where the genomic coding sequence contains introns, 
or synthetic sequences having codons different than 
the native gene) . Allelic variations or naturally- 
occurring mutational events do not give rise to a 

15 heterologous region of DNA as defined herein. 

A composition comprising "A" (where "A" is a single 
protein, DNA molecule, vector, etc.) is substantially 
free of "B H (where "B" comprises one or more 
contaminating proteins, DNA molecules, vectors, etc.) 

20 when at least about 75% by weight of the proteins, 

DNA, vectors (depending on the category of species to 
which A and B belong) in the composition is "A". 
Preferably, "A" comprises at least about 90% by 
weight of the A+B species in the composition, most 

25 preferably at least about 99% by weight. It is also 
preferred that a composition, which is substantially 
free of contamination, contain only a single 
molecular weight species having the activity or 
characteristic of the species of interest* 

30 As more particularly described in the following 
examples, human and bovine cDNA libraries were 
initially probed for sequences encoding BCF sequences 
using labeled oligodeoxynucleotides whose sequences 
were based on a partial amino acid sequence 

35 determined from analysis of purified protein samples 
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derived from bone described herein. However, it is 
realized that once being provided with non- 
chromosomal DNA encoding human and bovine BCF and 
their leader sequences as described herein, one of 
5 ordinary s)cill in the art would recognize that other 
precisely hybridizing probes may be prepared from the 
described sequences in order to readily obtain the 
remainder of the desired human or .bovine gene. 

The non-chromosomal DNA provided by 'the present 
10 invention is novel, since it is believed that the 
naturally-occurring human and bovine genes 
(chromosomal) contain introns (transcribed sequences, 
the corresponding amino acids of which do not appear 
in the mature protein). Hence, the term "non- 
15 chromosomal" excludes the DNA sequences which 

naturally occur in the chromosomes of human or bovine 
cells. The present invention also encompasses the 
non-chromosomal cDKA sequences derivable from the DNA 
sequences disclosed herein. 

20 Vectors are used to amplify the IDNA which encodes the 
chains, either in order to paegpare quantities of DNA 
for further processing (cloning vectors) or for 
expression of the chains (expression vectors) . 
Vectors comprise plasmids, virmses (including phage) , 

25 and integratable DNA fragmented, i.fe. , fragments that 
are integratable into the host genome by 
recombination. Cloning vectors need not contain 
expression control sequences. However, control 
sequences in an expression vector include a 

30 transcriptional pro moter, an optional operator 
sequence to control -transcription, a sequence 
encoding suitable rRNA xibosomal binding sites (for 
prokaryotic expression) , and sequences which control 
termination of transcription and translation. The 

35 expression vector should preferably include a 
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selection gene to facilitate the stable expression of 
BCF and/or to identify transformants. However, the 
selection gene for maintaining expression can be 
supplied by a separate vector in cotransformation 
5 systems using eukaryotic host cells. 

Suitable vectors generally will contain replicon 
(origins of replication, for use in non-integrative 
vectors) and control sequences which are derived from 
species compatible with the intended expression host. 

10 By the term "replicable" vector as used herein, it is 
intended to encompass vectors containing such 
replicons as well as vectors which are replicated by 
integration into the host genome. Transformed host 
cells are cells which have been transformed or 

15 transfected with vectors containing BCF encoding DNA. 
The expressed BCF will be deposited intracellular^ 
or secreted into either the periplasmic space or the 
culture supernatant, depending upon the host cell 
selected and the presence of suitable processing 

20 signals in the expressed peptide, £.g. homologous or 
heterologous signal sequences. 

Suitable host cells are prokaryotes or eukaryotic 
cells. Prokaryotes include Gram negative or Gram 
positive organisms, for example £. coli or bacilli. 

25 Eukaryotic cells include yeast, higher eukaryotic 
cells such as established cell lines of mammalian 
origin, or insect cells. Expression in insect cells 
may be accomplished using host cells and insect 
expression vectors as disclosed by Luckow, V.A. , and 

30 Summers, M.B., Biotechnology 6s47-SS (1976). 

Expression vectors for host cells ordinarily include 
an origin of replication, a promoter located upstream 
from the BCF coding sequence, together with a 
ribosome binding site, a polyadenylation site, and a 
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transcriptional termination sequence* Those of 
ordinary skill will appreciate that certain of these 
sequences are not required for expression in certain 
hosts. An expression vector fox use with microbes 
5 need only contain an origin of replication recognized 
by the host, a promoter which will function in the 
host and a selection gene. 

An expression vector is constructed according to the 
present invention so that the BCF coding sequence is 

10 located in the vector with the appropriate regulatory 
sequences, the positioning and orientation of the 
coding sequence with respect to the control sequences 
being such that the coding sequence is transcribed 
under the "control" of the control sequences , 

15 RNA polymerase which binds to the DNA molecule at the 
control sequences transcribes the coding sequence) 
The control sequences may be ligated to the coding 
sequence prior to insertion into a vector, such as 
the cloning vectors described above. Alternatively, 

20 the coding sequence can be cloned directly into an 
expression vector which already contains the control 
sequences and an appropriate restriction site. For 
expression of BCF in procaryotes and yeast, the 
control sequences will necessarily be heterologous to 

25 the coding sequence. If the host cell is a 

procaryote, it is also necessary that the coding 
sequence be free of introns (£.g., cDNA) . If the 
selected host cell is a mammalian oell, the control 
sequences can be heterologous or homologous to the 

30 BMP coding sequence, and the coding sequence can 
either be genomic DNA containing introns or cDNA. 
Either genomic or cDNA coding sequences can be 
expressed in yeast. 

Expression vectors must contain a promoter which is 
35 recognized by the host organism* Promoters commonly 
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known and available which are used in recombinant DNA 
construction include the £ -lactamase (penicillinase) 
and lactose promoter systems, a tryptophan (trp) 
promoter system and the tac promoter. While these 
5 are commonly used, other known microbial promoters 
are suitable* 

In addition "to prokaryotes, eukaryotic cells such as 
yeast are transformed with BCF encoding vectors. 
Saccharomyces ££X£Yi&i&£, or common baker's yeast, is 

10 the most commonly used among lower eukaryotic host 
microorganisms. However, a number of other strains 
are commonly available and useful herein. Yeast 
vectors generally will contain an origin of 
replication from the 2 micron yeast plasmid or an 

15 autonomously replicating sequence (ARS) , a promoter, 
DNA encoding BCF, sequences for polyadenylation and 
transcription termination, and a selection gene. 

Suitable promoting sequences in yeast vectors include 
the promoters for the glycolytic enzymes such as 

20 enolase, 3 -phosphogly cerate kinase, glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphofructokinase, glucose-6- 
phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, 

25 phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which have the additional 
advantage of transcription controlled by growth 
conditions are the promoter regions for alcohol 
dehydrogenase 1 or 2, isocytochrome C, acid 
30 phosphatase, as veil as enzymes responsible for 
maltose and galactose utilization. 

Higher eukaryotic cell cultures may be used, whether 
from vertebrate or invertebrate cells, including 
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insects, and the procedures of propagation thereof 
are known. See, for example, Tissue Culture. 
Academic Press, Kruse and Patterson, editors (1973). 

Suitable host cells for expressing BCF in higher 
5 eukaryotes include: monkey kidney CVI line 

transformed by SV40 (COS-7, ATCC CRL 1651); baby 
hamster kidney cells (BHK, ATCC CRL 10) ; Chinese 
hamster ovary-cells-DHFR (described by Urlaub and 
Chasin, PNAS (USA) 21* 4216 (1980)); mouse Sertoli 

10 cells (TM4, Mather, J. P., Biol. Reorod. 23; 243-251 
(1980)); monkey kidney cells (CVI ATCC CCL 70); 
african green monkey kidney cells (VERO-76, ATCC CRL- 
1587) ; human cervical carcinoma cells (HELA, ATCC CCL 
2); canine kidney cells (MDCK, ATCC CCL 34); buffalo 

15 rat liver cells (BRL 3A, ATCC CRL 1442) ; human lung 
cells (W138, ATCC CCL 75); human liver cells (Hep G2, 
HB 8065) ; mouse mammary tumor (MMT 060652, ATCC CCL 
51); rat hepatoma cells (HTC, Ml, 54, Baumann, M. , fit 
41., J. Cell Biol, fifi: 1-8 (1980)) and TRI cells 

20 (Mather, J. P., fit fil- , AlWftlg EtYt ftcfldU Scir 2S2: 
44-68 (1982)). Commonly used promoters are derived 
from polyoma , Adenovirus 2, and Simian Virus 40 
(SV40) . It will be appreciated that when expressed 
in mammalian tissue, the recombinant BCF may have 

25 higher molecular weight due to glycosylation. It is 
therefore intended that partially or completely 
glycosylated forms of BCF having molecular weights 
greater than that provided by the amino acid backbone 
are within the scope of this invention. 

30 A number of pxocaryotic expression vectors are known 

in the art. See, U.S. Patent Kos. 4,440,859; 

4,436,815; 4,431,740; 4,431,739; 4,428,941; 

4,425,437; 4,418,149; 4,411,994; 4,366,246; 

4,342,832; see also U.K. Pub. Nos. GB 2,121,0547 
35 GB 2,008,123; GB 2,007,675; and European Pub. 
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No. 103,395. Preferred procaryotic expression 
systems are in £. coli . Other preferred expression 
vectors are those for use in eucaryotic systems. An 
exemplary eucaryotic expression system is that 
5 employing vaccinia virus, which is well-known in the 
art. See. fi.fl., Macket eJt fil. (1984) J. Virol . 
12:857; "DNA Cloning," Vol. II, pp. 191-211, supra : 
PCT Pub. No. WO 86/07593. Yeast expression vectors 
are known in the art. See, ft.g. , U.S. Patent 

10 NOS. 4,446,235; 4,443,539; 4,430,428; ££& filfiO. 

European Pub. Nos. 103,409; 100,561; 96,491. Another 
expression system is vector pHSl, which transforms 
Chinese hamster ovary cells. The use of the vector 
is described in PCT Pub. No. WO 87/02062, the 

15 disclosure of which is incorporated herein by 
reference. 

Mammalian tissue can be cotransf ormed with DNA 
encoding a selectable marker such as dihydrofolate 
reductase (DHFR) or thymidine kinase and DNA encoding 

20 BCF. If wild type DHFR protein is employed, it is 
preferable to select a host cell which is deficient 
in DHFR, thus permitting the use of the DHFR coding 
sequence as marker for successful transfection in 
hgt" medium, which lacks hypoxanthine, glycine, and 

25 thymidine. An appropriate host cell in this case is 
the Chinese hamster ovary (CHO) cell line deficient 
in DHFR activity, prepared and propagated as 
described by Urlaub and Chasin, 1980, Proc. Nat. 
ACflfl, SCI. (USA) 21: 4216. 

30 Recently, expression vectors derived from Bacclovirus 
for use in insect cells have become known in the art. 

Depending on the expression system and host 
selected, BCF is produced by growing host cells 
transformed by an expression vector described above 
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under conditions whereby the BCF protein is 
expressed. The enzyme protein is then isolated from 
the host cells and purified. If the expression 
system secretes the enzyme into growth media, the 
5 protein can be purified directly from cell-free 
media. If the BCF protein is not secreted, it is 
isolated from cell lysates* the selection of the 
appropriate growth conditions and recovery methods 
are within the skill of the art. 

10 The recombinantly made BCF is recovered from 

transformed cells in accordance with per se known 
procedures. Preferably, an expression vector will be 
used which provides for secretion of BCF from the 
transformed cells, thus the cells may be separated 

15 by centrifugation. The BCF generally is purified by 
general protein purification techniques, including, 
but not limited to, size exclusion, ion-exchange 
chromatography, HPLC, and the like. 

Once a coding sequence for BCF has been prepared or 

20 isolated, it can be cloned into any suitable vector 
or replicon and thereby maintained in a composition 
which is substantially free of vectors that do not 
contain a BCF coding sequence (£.<z*, free of other 
library clones) . Numerous cloning vectors are known 

25 to those of skill in the art. Examples of 

recombinant DNA vectors for cloning and host cells 
which they can transform include the various 
bacteriophage lambda vectors (£. ££li) # pBR322 
(£. fipJLl), pACYC177 (£. £211), pKT230 (gram- negative 

30 bacteria) , pGVll06 (gram-negative bacteria) , pIAFRl 
(gram-negative bacteria) , pHE290 (non-fi. ££li gram- 
negative bacteria) , pflV!4 (£* ££li and Bacillus 
subtilis) , pBD9 (Bacillus) , pIJ61 (Streptomyces) , 
pUC6 (Streptomyces), actinophage, 4031 

35 (Streptomyces), YIp5 (Saccharomyces) , YCpl9 
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(Saccharomyces) , and bovine papilloma virus 
(mammalian cells) . See generally . DNA Cloning: 
Vols. I fc II, £U£ra; T. Maniatis £i al. , supra : 
B. Perbal, supra . 

5 It is further intended that calcification-initiating 
fragments of BCF are within the scope of the present 
invention. Such active fragments may be produced, 
for example! by pepsin digestion of BCF. The active 
fragments may be identified by the In vivo and/or In 
10 yi^ro assays described hereinbelow. 

Alternatively the BCF may be made by conventional 
peptide synthesis using the principles of the 
Merrifield synthesis and preferably using commercial 
automatic apparatus designed to employ the methods of 
15 the Merrifield synthesis. Peptides prepared using 
the Merrifield synthesis may be purified using 
conventional affinity chromatography, gel filtration 
and/or RP-HPLC. 

FIG. 1 shows the aligned nucleotide and deduced amino 
20 acid sequences for both bovine and human BCF for 
maximum amino acid sequence identity. Amino acids 
not conserved in both species are boxed. The 
putative initiation codon is located at position -17 
followed by a stretch of amino acids showing strong 
25 hydrophobicity characteristics of signal peptides. A 
putative signal peptide cleavage site is indicated by 
the arrow. The putative mature proteins begin at 
position l(Gln), and contain 183 amino acids, of 
which 96.2% are identical. The derived molecular 
30 weight of human BCF is 21,967 and for bovine BCF is 
21,984. The underlined sequences are those from 
which the oligonucleotide probes are derived. 
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Substantially pure BCF, higher molecular glycosylated 
forms thereof , or active fragments thereof, or the 
nontoxic salts thereof, combined with a 
pharmaceutically acceptable carrier to form a 
5 pharmaceutical composition, may be administered to 
mammals, including humans, either intravenously, 
subcutaneously, percutaneously, intramuscularly or 
orally* 

Such proteins are often administered in the form of 

10 pharmaceutically acceptable nontoxic salts, such as 
acid addition salts or metal complexes, , with 

zinc, iron or the like (which are considered as salts 
for purposes of this application) . Illustrative of 
such acid addition salts are hydrochloride, 

15 hydrobromide, sulphate, phosphate, maleate, acetate, 
citrate, benzoate, succinate, malate, ascorbate, 
tartrate and the like. If the active ingredient is 
to be administered in tablet form, the tablet may 
contain a binder, such as tragacanth, com starch or 

20 gelatin; a disintegrating agent, such as alginic 
acid; and a lubricant, such as magnesium stearate. 
If administration in liquid form is desired, 
sweetening and/ or flavoring may be used, and 
intravenous administration in isotonic saline, 

25 phosphate buffer solutions or the like may be 
effected. 

Pharmaceutical compositions will usually contain an 
effective amount of BCF In conjunction with a 
conventional, pharmaceutically acceptable carrier. 
30 The dosage will vary depending upon the specific 

purpose for which the protein is being administered, 
and dosage levels in the range of about 0*1 pg to 
about 100 milligrams per Kg. of body weight may be 
used. 



2017466 



-21- 

Implants of recombinant BCF, when mixed with matrix 
Gla protein (MGP) (see Example 7), will initiate 
calcification. The BCF may be either the human or 
bovine form or mixtures thereof. Similarly, the MGP 
5 may be any mammalian form thereof, preferably human, 
bovine or mixtures thereof. Matrix Gla protein (MGP) 
may be isolated in the course of preparation of bone 
morphogenetic protein (BMP) from demineralized 
gelatinized bovine cortical bone by the methods of 

10 Urist fi£ al. [See: Price s£ al., Proc. Natl. Acad. 
Sci. USA 73:1447, 1976j Urist, M.R., Huo, Y.K. 
Brownell, A.G., Hohl, w.M. Buyske, J., Lietze, A., 
Tempst, P., Humkapillar # M. , and DeLange, R.J.: 
Purification of bovine bone morphogenetic protein by 

15 hydroxy apatite chromatography. Proc. Natl. Acad. 

Sfii. 81:371-375, 1984 and Urist, M.R. , Chang, J.J., 
Lietze, A., Huo, Y.K. , Brownell, A.G., and DeLange, 
R.J.: Methods of preparation and bioassay of bone 
morphogenetic protein and polypeptide fragments. In: 

20 Barnes, D. , and Sirbaska, D. A. (eds.): Methods in 
Enzvmoloav . vol. 146. New York, Academic Press, 
1987, pp. 294-312]. A preparation containing MGP is 
first separated from other bone matrix protein by 
hollow fiber ultrafiltration through a 10 K pore-size 

25 filter. Under dissociated conditions in 6M urea and 
0.02 M edetic acid (EDTA) , the MGP assumes an 
elongated structure in which proteins with 14 to 15 K 
molecular weight (M r ) pass through a 10 K filter. 
The MGP is further purified by ion exchange 

30 chromatography (Berg, R.A. In: Methods in 
Enzymology, 1982, vol. 82:372-398)* 

Furthermore, to initiate calcification BCF and MGP 
may be mixed with any combination of one or more 
other proteins, particularly, with one or more other 
35 proteins derived from bone. Such mixtures may not 
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only initiate calcification, but may also induce 
cartilage formation and bone growth. 

Implants of mixtures of BCP and MGP induce 
calcification in the quadriceps compartment. The BCF 
5 cDNA may also be utilized in a diagnostic test for 
identifying subjects having defective BCF-genes, 
defective BCF or autoantibodies directed against BCF; 
or to detect levels of BCF, which may be an 
indication of osteoporosis. 

10 Preparations of BCF may be assayed in yivo according 
to the method described by Urist eJt al. , MethCKte in 
Enzyreoloov (D. Barnes and D,A, Sirbaska, Eds.)/ 
vol. 146, pp. 294-312, Academic Press, N. Y. (1987), 
and in vitro by the method of Sato and XJrist, £liiu 

15 Orthop . . 183:180-187 (1984) as modified by Kawamura 
and Urist, Dev. Biol .. 130:435-442 (19B8) , all of 
which are incorporated by reference herein. 

It is preferred that the BCF be admixed with matrix 
Gla protein (AGP) to form a delivery system 

20 comprising these two proteins. The amount of MGP in 
the composition is not believed to be critical and, 
for convenience, equal portions of BCF and MGP may be 
used in dosages in the range of about 0.1 
(combined weight of BCF and OOP} to 100 mg/Kg* body 

25 weight. 

The BCF and MGP may be implanted as a time-release 
composition encapsulated, for instance, in liposomes 
or other time-release membranes, natural or 
synthetic, which are absorbable by the host subject. 
30 The purification protocols, described in detail 

below, allow for the first time the purification of 
native BCF in sufficient quantity and at a high 
enough purity to permit accurate amino acid 
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sequencing. The amino acid sequences derived from 
the purified BCF allow for the design of probes to 
aid in the isolation of native BCF nucleic acid 
sequence, or the design of synthetic nucleic acid 
5 sequences encoding the amino acid sequence of BCF* 

Specific anti-sera or monoclonal antibodies 
(described below) can be made to a synthetic or 
recombinant BCF peptide having the sequence or 
fragments of the sequence of amino acid residues, 

10 such as those shown in Figures 1A or IB. An example 
is the tryptic fragment shown in FIG. 2, and 
antibodies thereto can be used to immunoprecipitate 
any BCF present in a selected tissue, cell extract, 
or body fluid. Purified BCF from this source can 

15 then be sequenced and used as a basis for designing 
specific probes as described above* Antibodies to 
other regions that diverge from known BCF can also be 
used. Also useful as antigens are purified native or 
recombinant BCF* 

20 As mentioned above, a DNA sequence encoding BCF can 
be prepared synthetically rather than cloned. The 
DNA sequence can be designed with the appropriate 
codons for the BCF amino acid sequence. In general, 
one will select preferred codons for the intended 

25 host if the sequence will be used for expression. 

The complete sequence is assembled from overlapping 
oligonucleotides prepared by standard methods and 
assembled into a complete coding sequence* See . 
£.3., Edge (198X) Nature 222*756; Nambair, e£ al . 

30 (1984) Science 222:1299; Jay e£ fll* (1984) J* Biol, 
Chem . 2£2.:63U. 

Synthetic DNA sequences allow convenient construction 
of genes which will express BCF analogs or "muteins". 
Alternatively, DNA encoding muteins can be made by 
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site-directed mutagenesis of native BCF genes or 
cDNAs, and muteins can be made directly using 
conventional polypeptide synthesis* Muteins altered, 
for example, by the substitution of acidic residues 
5 (fi.g., Glu or Asp) could have reduced activity toward 
membrane-bound or complex substrates or have anti- 
sense therapeutic uses for overproduction of BCF. 

Site-directed mutagenesis is conducted using a primer 
synthetic oligonucleotide complementary to a single 

10 stranded phage DNA to be mutagen! zed except for 
limited mismatching, representing the desired 
mutation. Briefly, the synthetic oligonucleotide is 
used as a primer to direct synthesis of a strand 
complementary to the phage, and the resulting double- 

15 stranded DNA is transformed into a phage-supporting 
host bacterium. Cultures of the transformed bacteria 
are plated in top agar, permitting plaque formation 
from single cells which harbor the phage. 

Theoretically, 50% of the new plagues will contain 
20 the phage having, as a single strand, the mutated 
form; 50% will have the original sequence. The 
resulting plaques are hybridized with kinased 
synthetic primer at a temperature which permits 
hybridization of an exact match, but at which the 
25 mismatches with the original strand are sufficient to 
prevent hybridization. Plaques which hybridize with 
the probe are then picked, cultured, and the DNA 
recovered* 

Native, recombinant or synthetic BCF peptides (full 
30 length or subunits) can be used to produce both 

polyclonal and monoclonal antibodies. If polyclonal 
antibodies are desired, purified BCF peptide is used 
to immunize a selected mammal (£.g. , mouse, rabbit, 
goat, horse, etc.) and serum from the immunized 
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animal later collected and treated according to known 
procedures. Compositions containing polyclonal 
antibodies to a variety of antigens in addition to 
BCF can be made substantially free of antibodies 
5 which are not anti-BCF by immunoaf f±nity 
chromatography . 

Monoclonal anti-BCF antibodies can also be readily 
produced by one skilled in the art form the 
disclosure herein. The general methodology for 

10 making monoclonal antibodies by hybridomas is well 
known. Immortal, antibody-producing cell lines can 
also be created by techniques other "than fusion, such 
as direct transformation of B lymphocytes with 
oncogenic DNA, or transfection with Epstein-Barr 

15 virus. See, fi.fl., M. Schreier fit fil- $ "Hybridoma 
Techniques" (1980); Hammerling fit al. , "Monoclonal 
Antibodies And T-cell Hybridomas" (1981); Kennett fit 
$1. , "Monoclonal Antibodies" (1980); figfi alaa U.S. 
Patent Nos. 4,341,761; 4,399,121; 4,427,783; 

20 4,444,887; 4,451,570; 4,466,917; 4,472,500; 
4,491,632; 4,493,890. 

Panels of monoclonal antibodies produced against BCF 
peptides can be screened for various properties; 
i.£. , isotype, epitope, affinity, etc. Of particular 
25 interest are monoclonal antibodies that neutralize 

the activity of BCF. Such monoclonals can be readily 
identified in BCF activity assays. High affinity 
antibodies are also useful in immunoaf finity 
purification of native or recombinant BCF. 

30 Antibodies to BCF forms described herein (both 

polyclonal and monoclonal) may be used to inhibit or 
to reverse arterial calcification. An appropriate 
therapeutic method would be to treat the patient with 
an effective dose of anti-BCF antibodies through a 
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conventional intravenous route. In the treatment of 
local, acute inflammation, treatment with anti-BCF 
antibody would be indicated, perhaps by intramuscular 
injection. These compositions may also be useful in 
targeting various forms of tumors, since tumors are 
known to sometimes calcify, suggesting the presence 
of BCF. BCF antagonists, such as BCF mute ins, could 
also be used in place of antibodies. 

The determination of the appropriate treatment 
regimen (i.£. , dosage, frequency of administration, 
systemic vs. local, etc.) is within the skill of the 
art. For administration, the antibodies will be 
formulated in a unit dosage injectable form 
(solution, suspension, emulsion, etc.) in association 
with a pharmaceutical^ acceptable parenteral 
vehicle. Such vehicles are usually nontoxic and 
nontherapeutic. Examples of such vehicles are water, 
saline, Ringer's solution, dextrose solution, and 
Hank's solution. Nonaqueous vehicles such as fixed 
oils and ethyl oleate may also be used. A preferred 
vehicle is 5% <w/w) human albumin in saline. The 
vehicle may contain minor amounts of additives, such 
as substances that enhance isotonicity and chemical 
stability, j&.g., buffers and preservatives. The 
antibody is typically formulated in such vehicles at 
concentrations of about 1 pg/ml to 10 mg/ml. 

Anti-BCF antibodies will also be useful in diagnostic 
applications. The present invention contemplates a 
method, particularly a diagnostic method, in which a 
sample from a human (or other mammal) is provided, 
and the amount of BCF is quantitatively measured in 
an assay. For example, employing anti-BCF 
antibodies in a quantitative immunoassay could be 
used to detect genetic deficiency in BCF. Antibody 
specific for BCF could be formulated into any 
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conventional immunoassay format; fi.g., homogeneous or 
heterogeneous, radioimmunoassay or ELISA. The 
various formats are veil known to those skilled in 
the art. See, £.g. , ••Immunoassay" A Practical 
5 Guide" (D.W. Chan and M.T. Perlstein, eds. 1987) the 
disclosure of which is incorporated herein by 
reference. 

In general, recombinant production of BCF can provide 
compositions of that BCF substantially free of other 

10 proteins having osteoinductive associated functions. 
The ability to obtain high levels of purity is a 
result of recombinant expression systems which can 
produce BCF in substantial quantities vis-a-vis in 
vivo sources. Thus, by applying conventional 

15 techniques to recombinant cultures, BCF compositions 
can be produced that are substantially more pure than 
the compositions available from bone sources. 

Purified BCF will be particularly useful as a tool 
in the design and screening of calcification 

20 inhibitors. First, milligram amounts of the material 
are obtainable according to the present invention. 
Milligram amounts are capable of crystallization to 
permit three dimensional studies using X-ray 
diffraction and computer analysis. This may permit 

25 deduction concerning the shape of the molecule, thus 
defining proper shapes for substances usable as 
inhibitors of the activity normally exhibited by BCF. 
Generally, antagonists have been "peptides' 1 whose 
interactions with a factor which is inhibited are 

30 stabilized by modification of the "residues" 

participating in the peptide bond so as to enhance 
the ability of the "peptide" to interact 
specifically with converting factor. Thus the 
peptide bond joins specifically chosen carboxylic 

35 acids and amines (not necessarily amino acids) . 
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These "peptides" are configured in a three 
dimensional array so as -to complement the contours of 
the intended target, converting enzyme. A similar 
lock and key spatial arrangement may result from 
5 molecules designed complementary to the surface 
contours of the BCP of the invention. It is 
understood that "surface" includes convolutions which 
may face inward, and specifically includes the active 
site. Furthermore, "complementary" is understood to 
10 mean that, in addition to spatial conformations which 
"fit", interactions between the protein and the 
molecule which matches its surface contours are 
attractive and positive* These interactions may be 
hydrogen bonding, ionic, or hydrophobic affinity. 

15 Accordingly, the invention contemplates peptide 

antagonists or agonists (2-15 amino acids) to BCF 
which are characterized by three dimensional contours 
complementary to the three dimensional contours on 
the surface of recombinant BCF. By peptide in this 

20 context is meant that the antagonist or agonist 

contains carboxylic acid amide bonds corresponding to 
one less than the number of residues. The carboxylic 
acid and amine participants need not be a -amino 
acids. 

25 Second, even without the assistance of a three 

dimensional structure determination, purified BCF of 
the invention is of significance as a reagent in 
screening BCF inhibitors An vitro as an ad b&2 
approach to evaluation. Impure BCF preparations 

30 currently available yield confusing data due to the 
impact of the impurities on the test results. For 
example, contaminants which turn out to be themselves 
inhibitors, activators, or substrates for BCF may 
interfere with the evaluation. Thus, a substantial 

35 improvement in current screening techniques for BCF 
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inhibitors would be effected by the availability of 
the purified BCF protein. 

It will be understood that this description and 
disclosure of the invention is intended to cover all 
5 changes and modifications of the invention which are 
within the spirit and scope of the invention. It is 
within the knowledge of the art to insert, delete or 
substitute amino acids within the amino acid sequence 
of a BCF without substantially affecting the 

10 calcification and bone growth inducing activity of 
the molecule. The invention is expressly stated to 
be broad enough to include intentional deletions, 
additions or substitutions. Furthermore, it is 
recognized that one skilled in the art could 

15 recombinantly produce such modified proteins. 



Native, recombinant or synthetic BCF peptides (full 
length or subunits) can be further used to produce 
both polyclonal and monoclonal antibodies. If 
polyclonal antibodies are desired, purified BCF is 

20 used to immunize a selected mammal (£.g., mouse, 
rabbit, goat, horse, etc.) and serum from the 
immunized animal later collected and treated 
according to known procedures. Compositions 
containing polyclonal antibodies to a variety of 

25 antigens in addition to BCF can be made substantially 
free of antibodies which are not anti-BCF by 
immunoaffinity chromatography. 

Monoclonal anti-BCF antibodies can also be readily 
produced by one skilled in the art from the 
30 disclosure herein. * The general methodology for 

making monoclonal antibodies by hybridomas is well 
known. Immortal, antibody-producing cell lines can 
also be created by techniques other than fusion, such 
as direct transformation of B lymphocytes with 
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oncogenic DNA, or transf action with Epstein-Barr 
virus. See, fi.g., M. Schreier fit Al» , "Hybridoma 
Techniques" (1980); Hamme r ling fit &1. , "Monoclonal 
Antibodies And T-cell Hybridomas" (1981); Kennett fit 
fll., "Monoclonal Antibodies" (1980); as& Alfttt U.S. 
Patent Nos. 4,341,761; 4,399,121; 4,427,783; 
4,444,887, 4,451,570; 4,466,917; 4,472,500; 
4,491,632; 4,493,890. 

Panels of monoclonal antibodies produced against BCF 
peptides can be screened for various properties; 
i.fi., isotype, epitope, affinity, etc. Of particular 
interest are monoclonal antibodies that neutralize 
the activity of BCF. Such monoclonals can be readily 
identified in BCF activity assays. High affinity 
antibodies are also useful in immunoaffinity 
purification of native or recombinant BCF. 

Anti-BCF antibodies will also be useful in diagnostic 
applications. For example, bone isolated from 
osteoporosis patients may show that it is deficient 
in BCF, Thus, the present invention contemplates a 
method, particularly a diagnostic method, in which a 
bone sample from a human (or other mammal) is 
provided, and the amount of BCF is quantitatively 
measured in an assay. Antibody specific for BCF 
could be formulated into any conventional immunoassay 
format; fi.fl>, homogeneous or heterogeneous, 
radioimmunoassay or ELISA. The various formats are 
well known to those skilled in the art. See, fi.g., 
"Immunoassay: A Practical Guide" (D.W. Chan and 
M.T. Perlstein, eds. 1987) the disclosure of which is 
incorporated herein by reference. Quantitative 
assays other than immunoassays could also be used to 
measure the relative levels of BCF compared to a 
standard or prior observed BCF level in a patient. 
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The following examples are provided by way of 
illustration but are not intended to limit the 
invention in any way. 

EXAMPLE 1 

Sequence Analysis of BCF 

The 22K proteins of interest, partially purified from 
human and bovine sources as described by Urist, fit 
Al., Proc. Nat. Acad. Sci. PSA, fll, 371-375 (1984), 
were further purified to homogeneity by preparative 
gel electrophoresis and electroelution (M.W. 
Hunkapiller, E. Lujan, F. Ostrander and L.E. Hood, 
Methods in Enzvmoloqv, 21: 227-236 (1983)). This 
purification showed that the initial partially 
purified samples contained, in addition to the 22K 
BCF, other mammalian proteins at 34K, 19K, 14K and 
6K. After precipitation with acetone (W. H. 
Konigsberg and L. Henderson, MethPflg in EnZYffiQlPqY, 
ait 254-259 (1983)) and quantitation by amino acid 
analysis (B*A. Bidlingmeyer, S.A. Cohen and T.L. 
Tarvin, Journal of Chromatography. Ufi: 93-104 
(1984)), the material was reduced under denaturing 
conditions with 2-mercaptoethanol and cysteine 
residues were derivatized with 4-vinyl-pyridine {M. 
Friedman, I*.G. Krull and J.F. Gavins, Jgymffil Of 
mnHwHcal Chemistry. 2±£: 3868-3871 (1970)). After 
exhaustive dialysis to remove the denaturant, protein 
recovery was assessed by a repetition of amino acid 
analysis. The proteins were digested with TPCK- 
trypsin in the presence of 2M urea to generate 
unblocked peptide fragments suitable for sequence 
analysis (G- Allen, sequencing of Proteins and 
Peptides , pages 51-62 (1981), Elsevier/North Holland 
Publishing Company, Amsterdam, Holland) . Products of 
the digestion were resolved by reverse-phase high 
performance liquid chromatography using gradients of 
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acetonitrile or acetonitrile/isopropanol in aqueous 
trifluoroacetic acid (J.E. Shively, HethPfo Qt 
Protein Microcharact erization. pages 41-87 (1986), 
Humana Press, Clifton, New Jersey) . Peptide 
fractions were subjected to automated Edman 
degradation using an Applied Biosystems 47 OA protein 
sequencer (M.W. Hunkapiller, R.M. Hewick, W.J. Dreyer 
and L.E. Hood, ^thods in Enzvmoloqv, Slz 399-413 
(1983)). The phenyl thiohydantoin amino acid 
derivatives were identified by chromatography on an 
Applied Biosystems 120A PTH analyzer (M.W. 
Hunkapiller, Applied Biosystems. User Bulletin Number 
14 (1985) , Applied Biosystems, Foster City, 
California) . The hBCF sequence determined by this 
method is confirmed by the sequence deduced from the 
human cDNA in FIG. 1. 

EXAMPLE 2 

pMA Tsolation 

mRNA was isolated from fresh 7-month old calf bones 
(obtained from Rancho Veal Meat Packers, Petaluma, 
CA) or from human osteosarcoma cells. 

Calf femur midshafts were scraped free of connective 
tissue and marrow, broken into coarse fragments, and 
frozen at -80* C Human osteosarcoma cells were also 
frozen at -80* C RNA was isolated from both the 
frozen tissues by the guanidinium thiocyanate/CsCl 
method (Maniatis, T. , Fritsch, E.F. and Sambrook, J. 
Molecular Cloning: A Moratory Manual (Cold Spring 
Harbor Lab., Cold Spring Harbor, NY (1982); Freeman, 
G.J., Clayberger, C* f DeKruyff, R., Rosenblum, D.S. 
and Cantor, H. Proc. Matl. Acad. Sci.; USA, fifl: 4094- 
4098 (1983)). An osterizer was used to pulverize 
the bovine tissue directly in the guanidinium 
thiocyanate extraction solution. Poly (A) + RNA was 
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purified by a single fractionation over oligo(dT)- 
Cellulose (Maniatis, s£ Al* # £U£T£) • 

construction of the cDNA Libraries 

First strand cDNA was synthesized from bovine matrix 
or human osteosarcoma poly (A) + RNA using conditions 
similar to Okayama and Berg (Ok a yam a, H. and Berg, P. 
Molec. and Cell Biol. 3; 4094-4096 (1983)). About 
5^g of poly (A) + RNA in 20^1 5mM tris-hydrochloride 
(pH 7.5) was heated to 65 *C for 3 min, then quick 
cooled on vet ice and immediately adjusted (at room 
temperature) to contain 50mM Tris-hydrochloride (pH 
8.3 at 42 m C), 8mM MgCl 2 , 30mM KC1, lOmM 
dithiothreitol, 2mM each of dATP, dGTP, dTTP and 
[o- 32 P]dCTP(-300cpm/pmol) , 60 units RNasin, and 2.5 
/ig oligo (dT) 12-I8 (total volume 40 ml). The 
reaction was initiated by the addition of 50-60 units 
of cloned moloney murine leukemia virus reverse 
transcriptase and continued for 60 min at 42 *C. 
Double-stranded (ds) cDNA synthesis and EcoRI linker 
addition were performed by two different methods. 
Initially, the second cDNA strand was synthesized by 
the method of Wickens fi£ al. (Wickens, H.P., Buell, 
G.N. and Schimke, R.T. J. Biol. Chem. 252: 2483-2495 
(1978)). The hairpin loop was removed from the ds 
cDNA by SI nuclease, methylated with EcoRI methylase, 
made blunt-ended with T 4 DNA polymerase, ligated to 
phosphorylated EcoRI linkers and finally digested 
with EcoRI (Maniatis, fit Al« # fiUPXi) • Later, the 
second cDNA strand was synthesized by the method of 
Gubler and Hoffman (Gubler, U. and Hoffman, B.J • fifinfi 
££: 263-269 (1983)) as modified by Aruffo and Seed 
(Aruffo, A. and Seed, B. Proc. Natl. Acad. Sci.; PSA 
74: 8573-8577 (1987)). The ds cDNA was then ligated 
to asymmetrically (hemi) phosphorylated EcoRI 
adapters (see oligonucleotide synthesis) as described 
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by Aruffo and Seed, supra > phospborylated with T 4 
polynucleotide kinase (Maniatis, fii fil. , £U££&) , 
adjusted to 0.5M NaCl, 25mM EDTA and heated at 75 - C 
for 15 min to inactivate the polynucleotide kinase. 
The ds cDNA prepared by both procedures was separated 
from unligated linkers/adapters by chromatography on 
Biogel A-15m and recovered by ethanol precipitation. 
cDNA was ligated to XZKP anas (Stratagene) with T 4 
DNA ligase (New England Biolabs) as described by 
supplier, but included 15% polyethylene glycol (PEG) 
8000 (Sigma), a modification described by Pfeiffer 
and Zimmerman (Pheiffer, B.H. and Zimmerman, S.B. 
^1. Acids Res. 11: 7853-7871 (1983)). The ligated 
DNA was recovered by centrifugation (12,000 xg) , 
washed with chloroform, dried, resuspended in 4^1 
water and incubated with an in vitro packaging 
extract (Stratagene) according to supplier. 
Recombinant phage were propagated in £. soil BB4 
(Stratagene) . 

EXAMPLE 3 

Synthesis of Oli gonucleotides 

Oligonucleotides were synthesized by the 
phosphoramidite method with an Applied Biosystems 
(Foster City, CA) model 380A synthesizer, purified by 
polyacryl amine gel electrophoresis and desalted on a 
Waters SEP-PAK ( c 18) cartridge. A 10-mer 
oligonucleotide ( 5 ' CCGAATTCGG3 9 ) was synthesized and 
used as the EcoRI linker for cDNA library 
construction. Prior to ligation, the linker was 
phospborylated with T 4 polynucleotide kinase 
(Maniatis, T. , Fritsch, E.F. and Sambrook, J., 
Molecular Cloning ! A laboratory Manual (Cold Spring 
Harbor Lab., Cold Spring Harbor, NY, 1982)). A 14- 
mer oligonucleotide ( 5 ' CCTGTAGATCTCCG3 9 ) and a 18-mer 
oligonucleotide (5 ' AATTCGGAGATCTACAGG3 ' ) were 
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synthesized and used as the EcoRI adapters. The 14- 
mer was phosphorylated (Maniatis, fit al» / gVPra) and 
subsequently heated to 95* C for 15 Din to inactivate 
polynucleotide kinase, prior to annealing with the 
18-mer. These asymmetrically phosphorylated adapters 
also contained an internal Bglll restriction enzyme 
site. Based on the amino acid sequence of the human 
BCF tryptic fragment, a two-fold degenerate 45-mer 
oligonucleotide probe was designed (FIG. 2, probe A) 
following the rules of Lathe (lathe, R* , J f Melt 
Biol. 183; 1-12 (1985)). The two oligonucleotide 
probes (A and B) were synthesized based on the amino 
acid sequence of a purified tryptic peptide of the 
human bone calcification factor (hBCF) (FIG. 2). 

EXAMPLE 4 
screening of the cDWA Libraries 

a. Human osteosarcoma libraries. 

Approximately 300,000 recombinant phage were plated 
(50,000 phage/137mm dia. plate) in £. fifili BB4, grown 
for 5-6 h at 37»C, transferred to nitrocellulose 
filters (Millipore, HAT? 137); processed according to 
Benton and Davis (Benton, W.D. and Davis, R.W., 
Science 196 : 180 (1977)) and screened with 
oligonucleotide probe A. Eighteen putative hBCF cDNA 
clones from 300,000 recombinants were identified. 
Southern blot analyses (described below) of the cDNA 
inserts were performed using probe A and also probe B 
(FIG. 2), a fully degenerate 18-»er oligonucleotide 
contained within probe A. Most of the clones 
hybridized to both probes. The probe was end-labeled 
with T4 polynucleotide linase and [? 32 -P]ATP 
(Kaniatis, fit 61m supra l to a specific activity of 
1-2X10 8 cpm//*g. The filters were prehybridized for 
1-2 h at 37*C in 20% (vol/vol) formamide, 5xSSC 
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(lxSSC « 0.15 M sodium chloride/0. 15M sodium citrate, 
pH 7), 5x Denhardt's solution (lx Denhardt's solution 
- 0.02% polyvinylpyrrolidone/0.02% Ficoll/0.02% 
bovine serum albumin) , 10% dextran sulfate, 50mM 
sodium phosphate pH 6.8, 1 mM sodium pyrophosphate, 
0.1% NaDodS<>4 and SO^g/al denatured salmon sperm DNA. 
Labeled probe was added to a concentration of 
10 6 cpm/ml and hybridization was continued overnight 
at 37' C with gentle shaking. The filters were washed 
twice (20 min/wash) in 2XSSC, 0.1% NaDodS0 4 at 55'C 
and exposed to Kodak XAR-2 film with a Dupont 
Lightning Plus intensifying screen overnight at 
-B0*C. Areas of plagues giving signals on duplicate 
filters were picked, replated and rescreened as above 
until pure plaques were obtained. 

Two of the double positive clones (Ost 3-7 and Ost 
3-17, FIG. 3) were sequenced and shown to contain 
identical overlapping sequences as well as a region 
encoding the tryptic fragment (FIG. 1 underlined and 
FIG. 2). Ost 3-17 contains the complete mature 
protein coding sequence, but not the complete signal 
peptide, as is evident from the bBCF cDNA shown in 
FIG. 1. 

An additional 300,000 recombinant phages from two 
different osteosarcoma cDNA libraries were later 
plated and screened as above but with the following 
changes: (1) The hybridization mix contained 40% 
formamide, 5xSSC f 5X Denhardt's solution, 10% PEG 
8000, 50mM sodium phosphate pH 6.8, 0.5% NaDodS0 4 and 
50pg/ml denatured; (2) the filters washed at 65 # C in 
2xssc, 0.1% NaDodS0 4 ; and (3) the probe was a 240bp. 
DNA fragment obtained by digesting cDNA clone Ost 3- 
7 with Bglll and Asp71B (probe C, FIG 3). The probe 
was purified and labeled by the oligo-primer method 
(Feinberg, A. P. and Vogel stein, B., Analt BiPPhCTt 



2117466 



-37- 

137 ! 266-267 (1984)) to a specific activity of >1 x 
10 9 cpm/fig. Approximately 20 clones from each 
library gave strong hybridization signals and 
restriction enzyme analysis of these clones 
identified several that were longer than Ost 3-17, 
One of these, Ost 1-7 (PIG. 3) , was sequenced and 
judged to be full length based on its homology to the 
bovine BCF cDNA clone, described below. 

b. Bovine bone matrix cDMA library. 

Approximately 300,000 recombinants from the bovine 
bone matrix cDNA library were screened with probe C 
(FIG. 3) , a 240b. p. Bglll - Asp 718 TOA fragment from 
Ost 3-7, under the conditions described for probe A 
except that formamide was omitted from the 
hybridization solution. The filters were washed at 
55 # C in 2xSSC, 0.1% NaDodS0 4 . Twenty-four positive 
plaques were identified. Clone bbl.1-7 (FIG. 4), 
which contained the largest insert, was sequenced and 
shown to contain sequences homologous to hBCF. The 
deduced amino acid sequence of the bBCF cDNA 
indicates that amino acid -4 is not the initiation 
codon due to the presence of a Val at this position. 
The most likely initiation codon is located at amino 
acid position -17 which is 28 nucleotides beyond the 
5' end of the hBCF Ost 3-17 clone. The Met at 
position -17 is also preceded by an acceptable 
ribosome binding site. 

EXAMPLE 5 

Subcloni nq. Sequencing and Analysis 

Recombinant plasmids were released in the Bluescript 
SK(-)vector from A ZAP by the M13 rescue/excision 
protocol described by the supplier (Stratagene) . The 
plasmids were propagated in £. QQlX BB4, and plasmid 
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DNA was isolated by the alkaline lysis method 
(Maniatis, fit al. , fiHEra)- cDNA inserts were excised 
with either EcoRI or Bglll restriction enzymes 
(Boehringer-Mannheim), purified by poly aery 1 amide gel 
electrophoresis (Maniatis, si al. , fiupra) and passage 
over an Elutip-d column (Schleicher and Schuell) and 
subcloned into the M13 sequencing vectors (Yanisch- 
Perron, C, Viera, J- and Messing, J . , fifiDfi 21: 103- 
119 (1985)). DNA sequencing was performed by the 
dideoxy chain termination method (Sanger, F. Nicklen, 
S. and Coulson, A.R., Proc- Katl. Acad. Sci. USA 24: 
5463-67 (1977)) using M13 primers as well as specific 
internal primers. Ambiguous regions were resolved 7- 
deaza-2-deoxyguanidine-triphosphate (Barr, P. J., 
Thayer, R.M., Laybourn, P., Najarian, R.C., Seela, 
F. f and Tolan, D. , Biotachniaues 4: 428-32 (1986))- 
and sequenase (U.S. Biochemicals) . 

a. Northern Blot 

Poly (A) + RNA was fractionated on a 1.4% agarose gel 
in the presence of formaldehyde (Lehrach, H., 
Diamond, D. , Wozney, J.M. and Boedtker, H. , 
Biochemistry JL£: 4743-51 (1977)) and directly 
transferred to nitrocellulose according to Thomas 
(Thomas, P., Proc. watl. Acad. Sci. USA 22: 5201-5 
(1980)). Filters were hybridized with probe C as 
previously described (EXAMPLE 4, Screening of the 
cDNA Libraries) in the 40% formamide containing 
hybridization solution and were washed at 55* C in 
2XSSC, 0.1% NaDodS6 4 and O.lxSSC, 0.1% NaDodS0 4 with 
autoradiography following each set of washings. 

RNA transfer blot analysis demonstrates the presence 
of two mRNA forms of -0.9 and 1.8kB in human 
osteosarcoma tissue. The two forms were also 
observed in human placenta but were absent in a human 
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liver cell line, HEPG2. The two forms were also 
observed in bovine bone matrix cells with the larger 
form predominating- A trace of the large species 
could also be seen in bovine bone marrow. The two 
5 mRNAs are most likely generated by differential 

polyadenylation at -the 2 sites (AATAAA) found in the 
3' untranslated region. 

b. Southern Blot 

1. Genomic 

10 10/*g of genomic DNA (Clontech) was digested with 
EcoRI, fractionated on 0.7% agarose gels and 
transferred to nitrocellulose according to Maniatis, 
et al. , supra . Hybridization and washing conditions 
were identical to those described in a. above. 

15 Genomic DNA transfer bit* analysis suggests that 

hBCF and bBCF are single copy (or low copy) genes due 
to the few bands seen in the EcoRI digest. 

2. cDNA Clones 

DNA from cDNA clones were digested with EcoRI or 
20 Bglll, fractionated on 1.0% agarose gels, transferred 
to nitrocellulose (Maniatis, al. , £upx&) and 
hybridized with probe A as previously described or 
with probe B in a tetramethylammonium chloride 
containing hybridization solution under conditions 
25 described by Wood (Wood, W.I., Gitschier, J., Laskey, 
L. and Lawn, R. , Proc, Natl- Acad. Sci. PSA fi£: 1585* 
88 (1985)). 
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EXAttPLE g 

Eypression of hBCF in Ye*St 

Yeast expression vectors were constructed for 
intracellular production or secretion of hBCF from 
the ADH2/GAPDH regulatable promoter. Since the first 
cDNA clone did not contain DNA encoding a signal 
peptide, methionine-4 , was used as the N-terminal 
amino acid for these constructions. Subsequent cDNA 
analyses, and identification of a classical signal 
peptide, and a signal peptidase cleavage site, 
allowed construction of a yeast a -factor/hBCF fusion 
with glutamine +1 as the N-terminal amino acid of 
recombinant hBCF. For cloning into expression 
vectors, natural Nco-1, Bgl-1 and Spe-1 sites were 
used together with the synthetic oligonucleotide 
adapters shown (FIG. 4) . Since Spe-1 and Xba-1 give 
the same restriction enzyme overhang, the initial 
construction was simply an insertion of the Nco-1/ 
SPE-1 hBCF gene into Nco-l/Xba-1 digested 
pBSlOOhaFGF, a vector containing ADH2/GAPDH promoter 
and GAPDH terminator elements flanking a synthetic 
human acidic fibroblast growth factor (FGF) gene. 
The haFGF gene contains an Nco-1 and unique Xba-1 
sites. The resulting plasmid, pBSlOOhBCF, was used 
for further constructions. Thus, the Nco-l/Sal-1 
fragment containing the hBCF gene was cloned together 
with BAMHl/Nco-1 fragments encoding the GAPDH and 
ADH2/GAPDH promoters into BamHl/Sal-1 digested 
pBS24.1. The resulting plasmids, pBS24A/GhBCFKQ (-4 
to 183) and pBS24 GAPhBCF (-3 to 183), were used to 
direct intracellular expression of hBCF. For 
secretion, Bgl-l/Sal-1 fragments were excised and 
cloned into pBS24.1 together with BamHl/Xba-1 
fragments encoding the ADH2/GAPDH promoter, the yeast 
^-factor secretory signal/leader sequence, and the 
synthetic linkers shown in FIG. 4 (boxed) , for 
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expression of hBCF(-4 to 183) and hBCF(l-183). Yeast 
cells transformed with expression plasmids encoding 
ADH2/GAPDH promoter-hBCF (-4-183) and GAPDH promoter- 
hBCF( -4-183) fusions, as analyzed by SDS-PAGE and 
5 Coomassie blue staining of total proteins, showed no 
expression as compared with control yeast cells. 
Therefore, to study secretion systems, the pBS24 
plasmids containing o -factor leader-hBCF (-3-1B3) and 
hBCF (1-183) fusions were constructed. In each case, 

10 transcription was driven by the ADH2/GAPDH promoter. 
Yeast strain AB110 was transformed with the yeast 
expression plasmids, and yeast supernatants were 
analyzed by precipitation with J.0% trichloroacetic 
acid and separation by SDS-PAGE. High levels of 

15 expression of the approximately 22kD product was 

observed by Coomassie blue staining, when compared 
with control yeast cells transformed with the parent 
yeast vector pBS24. The transformant AB110 (pBS24.1 
22kQ) is deposited under accession number ATCC 20948. 

20 The active lot of yeast cells comprised a pool of 
two lots, KQ-2 and KQ-3, from which the recombinant 
BCF was isolated and purified as follows. 

LPt KP-2 

The cells were removed by centrifugation from the 
25 fermentation medium, and the medium concentrated 
using a YM10 Am icon spiral cartridge. The 
concentrate was diafiltered into water, then 20 mM 
Tris-Cl, 1 mM EDTA, 3 M NaCl, pH 7.5. This was 
passed over a column of prep grade Superose 12 at 
30 4*C, then at room temperature. The 22XBCF did not 

stick to either column. The Xlowthrough was purified 
by adsorption onto Superose 12 HR 10/30, and eluted 
with the same buffer but with 1 M NaCl. 
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Lot KQ-3 

The cells were removed and the medium concentrated as 
described above. The concentrate was diaf iltered 
against water, then 20 oM Tris-Cl, 1 mM EDTA, pH 7.5. 
This was loaded onto a Mono-Q HR 10/10 column, 
washed, and eluted with a gradient to 0,5 M NaCl. 
The 22KBCF-contai»±ng fractions were identified by 
gel electrophoresis, pooled, adjusted to 3 M NaCl 
with solid NaCl, and loaded onto a Superose 12 HR 
10/30 column. The 22KBCF was eluted with buffer 
containing 1 M NaCl. 

LPt KQ-2/3 

The Superose eluates (from Lots KQ-2 and KQ-3) were 
pooled, concentrated using YM 10 membrane in Amicon 
stirred cell, dialyzed versus water, and lyophilized. 

Alternatively, the recombinant BCF may be isolated 
and purified as follows. 

The media is removed from the cells and concentrated 
approximately ten fold. The pH is adjusted to 7.5, 
the concentrate is diluted to a conductivity below 
5 mS/cm, then applied to Fast Flow Q ion-exchange 
resin pre-equi libra ted with 50mM Tris/Hcl, ImM EDTA, 
ImM PMSF, pH 7.5. The column is washed with 1 column 
volume of the above buffer and eluted using a 0-1M 
NaCl salt gradient in the above buffer. The 22KBCF 
is eluted at a conductivity of 20-30 mS/cm, which is 
confirmed using SDS-PAGE- The 22KBCF containing 
fractions are pooled, the pH maintained at 7.5 and 
made 4M with respect to Urea, concentrated, and run 
over a S-100 sizing column in 4M Urea, lOOmM 
Tris/HCl, ImM EDTA, ImM PMSF at pH 7.5. The 22KBCF 
containing fractions are identified by SDS-PAGE, 
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pooled, concentrated, and dialysed against lOmM 
ammonium bicarbonate pH 7.8. The 22KBCF is then 
lyophilized and may be stored dry at 4*C. 

EXAMPLE 7 

5 A sample of purified recombinant human BCF(rhBCF) 
expressed as in Example 6, 1 »g (lot KQ 2/3), was 
dissolved in water containing 5 mg of human fibrin* 
The rBCF-fibrin composite was lyophilized and 
implanted in the mouse thigh muscle pouch. In 

10 another mouse, bovine matrix Gla protein was 

dissolved in 6M urea containing 1 mg of human rhBCF 
and dialyzed against water. The precipitate and 
supernatant were lyophilized to prepare a composite 
of MGP and hBCF proteins. The composite was 

15 implanted in the quadriceps pouch. For controls, the 
contralateral thighs were implanted with bovine 
matrix Gla protein plus albumin in one mouse; in the 
other mouse the control consisted of 5 mg of human 
fibrin and 1.0 mg of albumin. 

20 Microradiographs of the rBCF-matrix Gla protein 
composite showed areas of calcified tissue. 
Histological sections showed small round cells, 
multinucleated cells, macrophages with hyperplasia 
and hypertrophy of mesenchymal type cells. There 

25 were plates of calcified ground substance but no 

cartilage or bone cells. FIG. 5 is a photomicrograph 
showing hyperplasia and hypertrophy of connective 
tissue cells on the surface of a composite implant 
(indicated by P) of recombinant protein hBCF (Lot KQ 

30 2/3, 1 *g) and 1 mg of human matrix Gla protein. 

Calcification of the implanted proteins is indicated 
by CP in the quadriceps pouch of a mouse on day 21. 
The fibrous connective tissue envelope is indicated 
by F. 
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FIG. 6 is a photomicrograph shoving islands of 
calcified protein (CP) induced by a composite of 
recombinant hBCF and biological human matrix Gla 
protein. Note the large foam cell (arrow) . The 
5 entire implant is enclosed in a fibrous capsule (F) 
by day 21* 

FIG. 7 is a photomicrograph showing a composite of 
recombinant hBCF and matrix Gla protein on day 21. 
Note the highly vascular interior of the implant 
10 including small round cells, multinucleated cells, 
macrophages, calcifying intercellular substance (CP) 
and large foam cells (arrow) . All of the implanted 
protein and reactive tissue was enclosed in a fibrous 
envelope (F) on day 21. 
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A/G PROMOTER 



•A -1 +1 

met1ala.trrgLy.gln.tyr. gly. 
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SECRETION 
(A/G PROMOTER) 



FIG. 5 




FIG.6 




FIG. 7 





Page 1 of 1 



2017466 

-45- 

IH THE 

1. A Composition DonrprLsing n polypeptide selected 
from the group consisting of Mammalian borvs 
calcification factor ana analog* tharaof 
5 aubstanti&lly rraa of otliar osteoinductive aaaoglated 
f actor a . 

3* A. co» position according to Claia 1, wherein said 
mammalian bona calcification factor i» human BCP. 

3» A coopofition according to claio l> vharein aaia 
JLO pawn Allan bone ealclf iontien factor i» fc>ovin« bct* 

4- A composition according to claim 2 wharain aaid 
polypeptide cerebri ae» an amino acid sequence as flhwn 
in FIG* 1A or fragment tnareof* 

5. A composition according to Glala 3 wharain aaid 
15 polypeptide eon(prifr*» an. amine acid sequence a» »hown 

in FIG* LB or a fragment thereof* 

6. A composition according to Claim 4, wharain Bald 
polypeptide compri&es an amino terminus selected from 
th«r group consisting of th* signal paptida soquenca 

20 n»t*-aap-l«u-aar-lau-I»u-trp-vaX-l*Tj-ieu-prc-Iau-val- 
thr*Bat~aia-trp-gly and sequanoea of said signal 
paptJtda aaguiittc* derived by da 1 at ion of ona or nor* 
amino acid* from tha aaino ternlnua of aaid algnal 
paptida aoguance* 

3$. 7-, Jt composition according to Claim 5, vherein *aid 
polypeptide comprise* a* amino tarttinufi aelected from 
the group ooni iiting of th* signal peptide afti|xxfiiica 
met-asp-leu- thr- J Ba-lftU^trp-val-Lau^lau-pro-1 eu-va 1- 
thr-val-Bla^trp-gly and eea^encea or *aid *ign*l 

30 peptide netpianca derived by removal of one or »ora 
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amino acifla from th.& a»ifl<> termini ■ of oaid signal 
peptide aaquenoe* 

8. Wctt-tthTOTWOttftl DMA ah shown in PXG ♦ 1C* 

a. DNX oOTplaaaatary to th© eequeno* ahotm in 
$ ric* 1C„ 

10 1 Non-chrGmocomal DNA as ehovn in FIO* ID. 

11. OTA complementary to th* a*iju»nc* fiftovn in 
nc, id* 

12. Won** chromosomal DMA According to CJai* 6 further 
10 comprising the 5' a a quanta gal act* 4 frota the group 

qwaiatii^ of th* l<«tf*r saguanca atg cac CTC ACT COT 
CTC TO5 GTA CTT CTO OCC CTA GTC ACC AT£ <*CC TW &<5C 
and ftaquonc&a derived by ramovnl of on* or nor* 
daaxynueldotidas from th* S'-tanlnu» of aaid laadar 

13. Haiv-ehrofiiGQCiiAl DKA according to Clfein 10 
further comprising th« 5 r aaqutnca i«l*ct*4 rroa tha 
g toUp conftiAtin? Of th* lMdir eaguanc* AXQ CAC CTC 
ACT CTT CTC TOG GTC CTT CTO OCA CTG OTC ACC GTG OCT 

20 TCC CCA and sequence a. derived by removal of one or 
*ora daoxynudootLdas from th* 5'-tarolnu« of an id 
leadar Mquwjt*. 

14 • A Dtthod comprising th* stfipa of 

<a) constructing a vector vhicb includes th* 
35 DNA a*qu*nca ahown in ««. 1C or * fragwant . th*r*of, 

(b) transforming a he&t call vith said vac tor, 

and 

(c) culturing th* r*Eultant transformed cell 
under oondition* to axpraaa taw paptida ancodad by 

30 said DNA sequanc* or fragment thereof* 
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15. A method comprising ttia staps of 

(•) constructing a vector which inrclmJeH tha 
DNA sequence shown in PIG. ll> or a calcif icatior- 
initiating fragrant the ten f , 
5 (b) transforming * hogt coll with said vactor, 

and 

(cj culturing th* rasultant transformed cell 
under conditions to axprftas tha p«ptide encoded by 
said DJTA sequence or fragment thareOf . 

ic 1* * A wthod According to claim U vharain said 1DNA 
saquanca furthar conjpoti sat a 5' sequanca fleleotad 
from th* group consisting of th* laaaar baguette* AT5 
GAC CTC ACT CTT CTC TOG GTA CTT CTO COC CTA GTC ACC 
ATO GCC TOO OGC And any fiaqusnca dtriVAd. fcy ratnflVal 

15 of one or mora deofcynuelaotidas from th* S'-tattLihu© 
eaid leader ssgtiahfcA. 

if* A nathod according to Claia 15 wharain said MA 
nucleotide saquatica furthar compriias * 5' sequence 

selactad few th* group consisting of tha leader 

23 f«quanoa A TO GAC CTC ACT CTT CTC tGG Gttr CTT CTG OCA 

cto gtc xec OTO OCT tog CCA and any saqusnoi derived 
by removal of on* or sort daoocynuclaotidaa from tha 
3 '-tfiraimis of said ltadar saquano*. 

IB* A Bathed according to any of Claim* 14 through 
25 X7 Unarain said host call is aukaryotic. 

13. A nsthod according to Claim is tfharain said host 
comprise* yeast* 

20. A method according to Clsi* 18 wherein iaid 
vector comprises a CAPDH proaaotar *Meh controls 
30 expression of said peptid* * 
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21. A nithod according to Claim id vhartin paid 
prcnottr comprises an ATfflz/GAPDtt promoter which 
controls axpraaeicm of *aid paptida* 

22, A r*plio&fel* VGctar comprising DHA according to 
5 Claim B ■ 

33. A repUoabla v actor DD&priding E4JA according to 
Claim 20. 

24. A raplicaole vrertar cemprieing WA according to 
Claim 12. 

10 25 > A r^plictbltt voctar comprising SKA Ac curding to 
Claim 13, 

26. A host cell trarwfonaed «it& * a£*$Uctfrta vector 
according to Claim 27* 

27, A hoat Mil ttfctisfottoed with * *^HiC*fcle Vector 
15 according to Claim 23. 

28. A host call transformed vith. m raplicafclo voctor 
a. herding to Claim 24. 

29, A ho»t C*il transfomed with a ravlicaMe Vector 
according to Claim 25. 

20 30* A composition for iTiducing ealctlf loation* 

comprising an aftactiva calcification* Inducing amount 
of a *ixtura of maxmalian bona oaloif loation factor 
or an analog tJiaraof, and Matrix Gla protain. 

31. A coBpoaltion according to claim 30 vharain said 

3t$ factor compria** tuwaji bona calcification factor* 
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33. A composition according to claim 30 vh*rain ft aid 
factor compriHaa bovine b&nm ca loi float ion factor. 

33. A composition accoi^Ung to Cl&ia 31 therein said 
factor haa an Amino acid saqu&nca ah abown in 

5 FIG. IXj or a fragment thareof. 

34. A co&pofiitian according to Claim vhtrsin. said 
factor haa an amino ad£ sequence as ahjoim In 

FIG. IB, or a fragment thereof. 

35 • A method for inducing calcification for th» 
10 formation of bont in a vtrtabirata, comprising tn* 
step of adainitftorln? -to »aid vartabrat* in a 
pharmaceutic Ally aft active tnannar an tiff active 
calcification-inducing Amount of a composition 
According to any on* of claims ^ to 

15 34- A diagnostic msthod comprising th* stsps of 

providing a ban* sample from a aiml and measuring 
the ataount of BajtamaHan boa* calcification factor in 
said sampla in a quantitative assay i 

37. A composition coBprisin? antibcrfiafi rAccxynizing 
20 an spitops uniqua to aaranalian bone* calcification 
factori 
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APgTRACT 

tfhe isolation, identification and production by 
rocodi?inaut methods of bane calcification factor, a 
polypeptide, art diaclo&ad. The peptide hap 
5 calcification-inducing activity wh«n Uplantcd witu 
matrix GX* protein iixto XL&omaltd 
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